Abstract: A novel, accurate and precise RP-UFLC method for determination of xanthinol nicotinate has been developed and validated. Separation was achieved on an Enable C 18 G column (250 mm × 4.6 mm i.d., 5 μm) using acetonitrile: 10 mM TBAHS (40:60, v/v) as mobile phase at a flow rate of 0.8 mL/min and PDA detection at 274 nm. Linearity was observed in the concentration range of 1.0-60 μg/mL (r 2 =0.999). The method was validated for accuracy, precision, stability, specificity, robustness and system suitability. Forced degradation was performed by using HCl, NaOH, H 2 O 2 , thermal and UV radiation. The method was used successfully for the determination of xanthinol nicotinate in tablet dosage form.
Introduction
Xanthinol nicotinate (XAN), is a vasodilator having pharmacological action similar to nicotinic acid, used in peripheral and cerebral vascular disorders and hyperlipidemias . Chemical structure of xanthinol nicotinate As per literature, there are only a few analytical methods have been reported for determination of xanthinol nicotinate. It includes UV spectrophotometry 2 , HPLC 3 , capillary isotachophoresis 4 , GC 5 and LC-MS 6 methods. But no RP-UFLC methods were reported so far for determination of xanthinol nicotinate in pharmaceutical dosage form. So a successful attempt was made to develop and validate a fast, simple, precise and accurate RP-UFLC method for determination of xanthinol nicotinate in sustained release tablet dosage form.
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Stability parameters for the drug were assessed by subjecting the drug to forced degradation conditions like acid-alkali hydrolysis, oxidation, thermal and UV radiation. The developed method was also validated as per ICH guidelines for specificity, precision, accuracy, linearity, stability and robustness 7 .
Experimental
Analytical Grade xanthinol nicotinate was procured from Zydus Healthcare, India. The purity of xanthinol nicotinate was evaluated by obtaining the melting point and infrared spectrum. HPLC grade acetonitrile was procured from Merck Ltd., Mumbai, India. Analytical grade sodium hydroxide, hydrochloric acid and hydrogen peroxide of were procured from S.D. Fine Chem. Ltd., Mumbai, India. The water for HPLC was obtained by using TKA Water Purification System, Germany. Tetra butyl ammonium hydrogen sulfate (TBAHS) purchased from Hi-Media Laboratories Pvt. Ltd., Mumbai, India was of AR grade. The sustained release tablet formulation containing 500 mg of xanthinol nicotinate was purchased from the local market.
UFLC Instrumentation and chromatographic conditions
Quantitative UFLC was performed on a binary gradient UFLC with two Shimadzu Prominence UFLC LC-20AD pumps, with a 20 μL sample injection loop (manual) and SPD M20A PDA detector. The output signal was monitored and integrated using Shimadzu LC Solution Software. An Enable C18G column (250 mm × 4.6 mm i.d., 5 µm) was used for separation. Chromatographic analysis was carried out at ambient temperature on the column using the acetonitrile: 10 mM TBAHS (40:60, v/v) as mobile phase at a flow rate of 0.8 mL/min in isocratic mode. The 10 mM TBAHS solution was prepared by accurately weighing 3.3954 g of TBAHS salt and dissolving it in 1000 mL of HPLC grade water. Afterwards both the acetonitrile and TBAHS were ultrasonicated (Enertech, India) up to 20 minutes for degassing prior to use. The PDA detection was set at 274 nm. Water bath (Thermolab, India) and UV Chamber (Jain Scientific Glass Works, Ambala, India) were used for forced degradation study of the drug. Analytical balance, Model-GR-202 (AND Instrument India Pvt. Ltd., Gurgaon, India) of sensitivity 0.1 mg was used to weigh the chemicals and reagents.
Preparation of standard and sample solution
Standard stock solution of the drug was prepared by dissolving 25 mg of the drug in 10 mL of mobile phase and was ultrasonicated for 5 minutes. Finally, the volume was made up to the 25 mL with mobile phase, which gave 1000 µg/mL solution. Twenty tablets containing XAN were weighed and powdered finely. A quantity of tablet powder equivalent to 25 mg of XAN was accurately weighed and transferred into a 25 mL volumetric flask, containing 10 mL of mobile phase and ultrasonicated for 20 minutes; the volume was made up to the 25 mL mark and mixed well. The solution was filtered through a 0.2 μm filter to remove particulate matter, if any. The filtered solution was diluted with the mobile phase for analysis as already described. The amount of drug present in the sample solution was calculated by using the calibration curve.
Method validation

Specificity
The specificity of the method was determined by checking the interference of any of the possible degradation products generated during the forced degradation of XAN. Forced degradation was carried out by using 0.1 M HCl, 0.1 M NaOH, 3% v/v H 2 O 2 , thermal (80 ºC) and photolysis (365 nm) for determining stability nature of the drug. The degradation samples were prepared by taking suitable aliquots of the drug solution and then subjecting each of these aliquots to different stress conditions. After the fixed time period the treated drug solutions were diluted with mobile phase. For every stress condition solution of concentration 10 µg/mL of XAN was prepared.
Acidic degradation was carried out by adding 1 mL of 0.1 M HCl and after 45 min neutralizing the mixture by adding 0.1 M NaOH. Alkaline degradation was carried out by adding 1 mL of 0.1 M NaOH and after 45 min neutralizing the mixture by adding 0.1 M HCl. Oxidative degradation was performed by exposing the drug solution to 1 mL of 3% (v/v) H 2 O 2 for 45 min. Thermal degradation was performed by heating the drug solution at 80 ºC on a thermostatically controlled water bath for 45 min. Photolytic degradation was achieved by exposing the drug solution to UV radiation (365 nm) inside an UV chamber for 3 h.
Linearity
Calibration curve was plotted by taking the peak area on y-axis and concentration (µg /mL) on x-axis in a concentration range from 1.0 to 60 µg/mL.
Precision
Six injections of a fixed amount of XAN were injected in to the UFLC for determining the system precision. The repeatability (intra-day precision) and intermediate precision (interday precision) of the method was also determined. The percent RSD values were calculated for the precision studies.
Accuracy
To check the accuracy of the proposed method, recovery studies were carried out at 80,100 and 120% of the test concentration. The recovery study was performed three times at each level and amount of XAN present in the sample was determined.
Robustness
The system suitability parameters like retention time, theoretical plates, tailing factor and resolution were determined to assess the robustness. Method parameters like flow rate, detection wavelength, organic phase composition and strength of TBAHS solution were deliberately modified for robustness study.
LOD and LOQ
The LOD (limit of detection) and LOQ (limit of quantitation) were determined based on the Signal to Noise ratio. For limit of detection, the S/N ratio was taken as 3:1. For limit of quantitation, the S/N ratio was taken as 10:1.
Results and Discussion
Optimization of mobile phase was carried out basing on tailing factor and theoretical plates obtained for XAN. During the trial runs different mobile phase compositions like methanol: water, methanol: 10 mM TBAHS, acetonitrile: water, acetonitrile:10 mM TBAHS, at various compositions (40:60,50:50,60:40,70:30;v/v) and flow rates (0.8,1.0 and 1.2 mL/min) were tested for selection. The mobile phase consisting of acetonitrile: 10 mM TBAHS (40:60, v/v) at a flow rate of 0.8 mL/min was selected which gave sharp, symmetric peak. Xanthinol nicotinate separates completely in to xanthinol and nicotinic acid showing two retention times 2.631 min and 3.180 min, respectively with a resolution of 3.488. Retention time for nicotinic acid was confirmed by a separate injection of nicotinic acid solution. The run time was set at 6 minutes for time efficient analysis of the drug in sample matrix. The theoretical plate count was found to be 4399 and 6587 for xanthinol and nicotinic acid, respectively. For further studies the peak profiles for xanthinol was considered. PDA detection was set at 274 nm. The separation was carried out at room temperature. Figure 2 (a) and (b) represents the chromatograms of XAN in marketed formulation and nicotinic acid, respectively. Specificity of the method was determined by checking any interference due to excipients or possible degradation products. XAN shows minor degradation in acidic, alkaline and thermal stress conditions and shows major degradation in the applied oxidation and photolysis stress conditions. Figure 3(a-e) represents the chromatograms of acid, alkali, oxidation, thermally and photolysis degraded drug. The run time for each stressed drug solution was increased from 6minutes to 10 minutes in order to find out presence of any extra peak due to the possible degradation. The results for forced degradation study are summarized in Table 1 . The calibration curve was found to be linear over a concentration range of 1.0-60 µg/mL for XAN with correlation coefficient 0.999. The method was found to be precise as the % RSD values for precision studies were well below 2%, confirming preciseness of the method. The results of precision studies are shown in Table 2 . The average recovery for accuracy study was in the range of 101.79-102.16% with RSD in the range of 0.41-0.66. The values show high levels of accuracy of the method. The method was found to be robust in accordance with deliberate changes in mobile phase flow rate (±0.2 mL/min), detection wavelength (±5 nm), organic phase composition (±2%) and strength of TBAHS solution (±0.5 mM). The obtained results for robustness study are shown in Table 3 . of the formulation excipients in retention time of the drug shows the selectivity of the method for estimation of drug in tablet dosage form. The limit of detection (LOD) and limit of quantitation (LOQ) values were found to be 0.26 µg/mL and 0.85 µg/mL, respectively.
Conclusion
A validated RP-UFLC method has been developed for determination of XAN in extended release tablet dosage form. The results obtained by the stress degradation conditions of the drugs shows that the method is specific and stability indicating. The method was found to be fast, simple, accurate, precise and sensitive. The method was successfully applied for the determination of XAN in tablet dosage form. Further the developed RP-UFLC method may be applied for routine analysis of xanthinol nicotinate in API, pharmaceutical formulations, dissolution medium and biological fluids.
